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Abstract 

Background/Aims: The role of cognitive reserve in Parkinson's disease (PD)-mild cognitive im- 
pairment (MCI) is incompletely understood. /Wef/iods:The relationships between PD-MCI, years 
of education, and estimated premorbid IQ were examined in 119 consecutive non-demented 
PD patients using logistic regression models. Results: Higher education and IQ were associated 
with reduced odds of PD-MCI in univariate analysis. In multivariable analysis, a higher IQ was 
associated with a significantly decreased odds of PD-MCI, but education was not. Conclusion: 
The association of higher IQ and decreased odds of PD-MCI supports a role for cognitive reserve 
in PD, but further studies are needed to clarify the interaction of IQ and education and the im- 
pact of other contributors such as employment and hobbies. copyright® 2012 s. Karger ag, Basel 
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Introduction 



Cognitive reserve is the concept that individual differences in neural pathways and cog- 
nitive processes may affect a person's ability to compensate for brain pathology. Certain fac- 
tors and life experiences such as IQ, education, employment, and leisure activities are pro- 
posed to increase cognitive reserve and are frequently used as indicators or markers of cog- 
nitive reserve. While much cognitive reserve research has been in Alzheimer's disease (AD), 
the concept is also applicable to other neurological diseases [1]. Studies describing the effect 
of education on Parkinson's disease (PD)-mild cognitive impairment (MCI) have produced 
mixed results [2-5]. We aimed to investigate the relationship between a diagnosis of PD-MCI 
and (1) education level (the primary variable of interest) and (2) IQ (the secondary variable 
of interest) as theorized indicators of cognitive reserve in a well-characterized cohort of non- 
demented PD patients. 



Patients and Methods 

Subjects 

Consecutive English-speaking non-demented PD patients were enrolled at six North 
American movement disorders centers as part of an ongoing prospective longitudinal study 
of PD-MCI screening measures. Recruitment started in December 2008 and continued 
through June 2011; annual follow-up visits are ongoing. Inclusion criteria were a diagnosis 
of PD according to the United Kingdom PD Society Brain Bank Criteria, age >60 years, 
English as first language, grade 8 or higher education, and a standard score of at least 80 on 
the Wechsler Test of Adult Reading (WTAR), a standardized estimate of premorbid IQ. Lan- 
guage and minimum education/IQ inclusion criteria were prerequisites chosen for accurate 
interpretation and comparison of neuropsychological testing results. 

Exclusion criteria included evidence of impairments in activities of daily living or in- 
strumental activities of daily living related to cognition on a modified Disability Assessment 
for Dementia (DAD), medication changes over the past month, planned medication changes 
over the next 3 weeks, color blindness, a score of >5 on the 15-item Geriatric Depression 
Scale, currently unstable psychiatric disorder, history of prior stroke, brain tumor, hospital- 
ization for head injury, or active central nervous system illness (e.g. multiple sclerosis), prior 
or planned neurosurgical intervention (e.g. deep brain stimulation), enrollment in another 
interventional or observational clinical trial using neuropsychological testing, neuropsycho- 
logical testing in the past 12 months, and lack of consent from either the subject or an iden- 
tified close contact. Enrolled subjects received a clinical evaluation followed 1-3 weeks later 
by formal neuropsychological testing performed blinded to clinical results. 

Each participating institution received local research ethics board approval prior to 
study enrollment. Written informed consent was obtained from all study subjects and par- 
ticipating close contacts (defined as contact at least twice weekly) prior to formal screening 
and study visits. 

Clinical Assessment 

The clinical evaluation included the Montreal Cognitive Assessment (MoCA), Mini- 
Mental State Examination (MMSE), Neurobehavioral Signs and Symptoms Abbreviated In- 
ventory (NBI) (© Professional Resources and Technologies, Westtown, Pa., USA), and Move- 
ment Disorders Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS). Historical 
information was provided by the subject. The number of years of education (YOE) was as- 
signed by patient report of the highest grade attended (up to grade 12 or 13 for secondary 
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school) plus any additional years for post-secondary training. Post-secondary degrees were 
assigned YOE based on typical completion time after secondary school. Bachelor's degrees 
were coded as 16 YOE, master's degrees as 18 YOE, and doctorates as 20 YOE. 

A consenting close contact completed the NBI and a modified version of the DAD in 
reference to the subject. The modified DAD added a question regarding whether any report- 
ed impairment was related to cognitive difficulties or the physical impairments of PD. 

Neuropsychological Testing 

Neuropsychological testing was performed 1-3 weeks following the clinical evaluation 
to minimize the risks of status changes in the intervening time and potential interference 
from similar tasks on clinical and neuropsychological cognitive evaluations. The WTAR was 
used as an estimate of premorbid IQ. The neuropsychological battery included the Wechsler 
Memory Scale-Ill (WMS-III) Digit Span and Letter-Number Sequencing Test [6], the Trail 
Making Test [7], Delis-Kaplan Executive Function System (D-KEFS) Color-Word Interfer- 
ence Test and verbal fluency subtest [8], Benton Judgment of Line Orientation (JLO) [9], Rey 
Complex Figure Test and Recognition Trial [10], California Verbal Learning Test-II (CVLT- 
II) [11], modified conditional associative learning test [12], Visual Verbal Test (VVT) abbre- 
viated 10-item version [13], Frontal Systems Behavior Scale [14], and the 30-item Boston 
Naming Test (odd version) [15]. 

Diagnosis ofPD-MCI 

Diagnosis of PD-MCI was made by consensus conference based on modified Petersen 
criteria [2] and required (1) a cognitive complaint from the subject or close contact on the 
NBI, (2) no functional impairment related to cognition (as assessed by the modified DAD), 
and (3) performance at least 1.5 SD below the age-adjusted mean on at least one of eight core 
neuropsychological variables designated a priori. Core variables were WMS-III Digit Span 
longest span forward (attention), D-KEFS time to complete Condition 1 from the Color- 
Word Interference Test (processing speed), CVLT-II long delay free recall score (learning and 
memory), D-KEFS total score for category fluency condition from the verbal fluency subtest 
(language), JLO total correct (visuospatial), WMS-III total score from the Letter-Number 
Sequencing Test (executive: working memory), VVT total number of shifts (executive: cog- 
nitive flexibility), and D-KEFS time to complete Condition 3 from the Color- Word Interfer- 
ence Test (executive: inhibition). CVLT-II and JLO scores were adjusted for gender in addi- 
tion to age, and VVT norms were from a control group with similar age and education to the 
study population. 

Data Analysis 

Baseline demographic characteristics were summarized as medians and interquartile 
ranges (IQR) or percentages as appropriate. Spearman's correlation coefficients were calcu- 
lated for the relationships between each demographic variable and YOE, the primary variable 
of interest. 

Logistic regression was performed to estimate the effect of YOE (the primary variable of 
interest) and IQ (the second variable of interest) on a diagnosis of PD-MCI in both univari- 
ate and multivariable models. Variables considered a priori for the multivariable model were 
YOE, IQ, age, age at PD diagnosis, PD duration, gender, PD severity as assessed by the MDS- 
UPDRS total and motor scores, postural instability and gait disorder (PIGD) subtype [cal- 
culated as a 5 -point score of the sum of walking difficulty and freezing by history and gait, 
freezing, and postural stability by examination, where each was dichotomized as 0 (normal) 
or 1 (abnormal >0)], levodopa-equivalent units, and the presence of comorbidities occurring 
in over 10% of subjects: hypertension, hyperlipidemia, coronary artery disease, or any one of 
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these three (a combined cardiovascular risk variable). An interaction between YOE and IQ 
was hypothesized, and a product term including these two variables was tested for signifi- 
cance. The number of independent variables included in the final model was reduced based 
on the available sample size [16, 17]. Variable reduction was performed by the investigation 
of the multicollinearity and application of the Harrell variable reduction method using YOE 
as the independent variable of interest [18]. Odds ratios (ORs) and 95% CIs were calculated 
from the final logistic regression model. 

For the secondary analysis, subjects were categorized into low- and high-education 
groups according to whether they attained post-secondary schooling or not. This division is 
common in the literature and is a relevant cutoff for North American populations. The low- 
education group included subjects whose highest education was up to high school graduation 
(grade 12 or 13 depending on location) and the high-education group included subjects with 
at least 1 year of post-secondary schooling. The univariate and multivariable logistic regres- 
sion models developed above were re-derived replacing YOE with high versus low education. 

Secondary outcomes were PD-MCI defined without the criterion of a cognitive com- 
plaint and performance on individual neuropsychological measures. For the association be- 
tween education and PD-MCI without the requirement of a cognitive complaint (i.e. cogni- 
tive impairment as determined by scores >1.5 SD below the mean on at least one core neu- 
ropsychological measure without evidence of impairment in function related to cognition), 
the univariate and multivariable regression models were re-derived for IQ, YOE, and dichot- 
omized education level. For the association of the core neuropsychological measures with 
education, median and IQR scores for the low- and high-education groups were compared 
using Wilcoxon rank sum statistics. Spearman's correlation coefficient was calculated for 
each core measure and YOE. 

Complete data were available for every variable of interest except for PIGD, for which the 
analysis was performed without the single missing subject. Significance was assigned p < 
0.05. All analyses were performed using SAS statistical software version 9.2 (SAS Institute). 



Results 

Baseline Characteristics 

In total, 157 consecutive non-demented PD patients consented to participate in the 
study. Thirty (19%) did not meet the inclusion criteria, and an additional 8 (3%) were ex- 
cluded after their first clinical assessment (fig. 1). At the time of analysis, 119 subjects had 
complete year-1 assessments. YOE was significantly correlated with age, gender, age at PD 
diagnosis, and IQ, though all Spearman's correlation coefficients had an absolute value of 
0.35 or less except for the coefficient for IQ (table 1). Uncorrected MMSE and MoCA scores 
had low but significant correlations with YOE (table 1), but the MoCA correlation was no 
longer significant when the extra point was given for <12 years of formal education as rec- 
ommended in the scoring instructions [19]. 

Univariate Modeling of PD-MCI 

A total of 61 of 119 subjects (51%) were diagnosed with PD-MCI, and 77 subjects (65%) 
were categorized as PD-MCI if no cognitive complaint was required. Univariate ORs for the 
associations of education and IQ with both diagnoses are presented in table 2. 

Multivariable Modeling of PD-MCI 

The final multivariable model for PD-MCI included YOE, IQ, and the clinically relevant 
variables age, gender, and total MDS-UDPRS score. During Harrell variable reduction [18], 
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Subjects with signed 
consent and formal 
screening: 157 



Subjects who completed 
year-1 clinical visit: 127 



Failed screening: 30 

Pre-existing cognitive impairment/impairment in function due to cognition: 6 
Withdrew consent: 4 
Screened positive for depression: 4 
Did not meet PD criteria: 4 
English not first language: 4 
Prior severe head injury: 2 
Less than grade 8 education: 1 
Recent neuropsychological testing: 1 
Color blind: 1 
Too young: 1 
Undocumented: 2 



Subjects excluded after year-1 clinical visit: 8 
Withdrew consent: 4 
Did not complete neuropsychological testing within the 1 -3-week window: 1 
Improper test administration: 1 
Determined to have dementia: 1 
Diagnosis changed to MSA: 1 



Subjects with year-1 data 
available for analysis: 1 1 9 



Fig. 1 . Study enrollment flow chart. MSA = Multiple System Atrophy 



Table 1. Baseline characteristics 



Variable 


Total 


Correlation 


Two-sided 




population 


with YOE a 


p value 


Patients 


119 






Age, years 


71 (67-75) 


-0.23 


0.01 


Male gender 


69% 


0.35 


0.001 


Age at PD diagnosis, years 


66 (62-71) 


-0.19 


0.04 


Years since diagnosis 


4 (2-8) 


0.03 


0.74 


YOE 


16 (15-18) 


1.0 




Premorbid IQ 


116 (109-122) 


0.64 


<0.0001 


Total MDS-UPDRS score 


42 (32-54) 


0.11 


0.24 


Motor MDS-UPDRS score 


26 (20-34) 


-0.14 


0.13 


PIGD score b (maximum 5) 


2(1-3) 


-0.15 


0.11 


Total LEU, mg 


450.0 (300.0-787.5) 


-0.02 


0.85 


Hypertension 


34% 


-0.04 


0.64 


Hyperlipidemia 


28% 


0.068 


0.46 


Coronary artery disease 


18% 


-0.064 


0.49 


Any of the 3 cardiovascular risk factors 


49% 


-0.065 


0.48 


MoCA score (without EL bonus point) 


26 (23-27) 


0.22 


0.02 


MoCA score (with EL bonus point) 


26 (23-27) 


0.17 


0.07 


MMSE score 


29 (27-30) 


0.18 


0.05 



Values are medians (IQR, 25th and 75th percentiles) or percentages. 

LEU = Levodopa-equivalent units; EL = education level. a Spearman's correlation coefficient. 
b 118 subjects. 



Dementia j 

and Geriatric * 
Cognitive Disorders 



Dement GeriatrCogn Disord Extra 2012;2:343-352 



DOI: 10.1159/000341782 
Published online: August 22, 2012 



©2012S. KargerAG, Basel 
www.karger.com/dee 



348 



Armstrong et al.: Roles of Education and IQ in Cognitive Reserve in Parkinson's 
Disease-Mild Cognitive Impairment 



Table 2. Odds of PD-MCI (diagnosed with and without the requirement for a cognitive complaint) based on education and IQ 



Variable Odds ratio of PD-MCI with a cognitive complaint Odds ratio of PD-MCI without a cognitive complaint 

(95% CI); p value (95% CI); p value 

univariable analysis multivariable analysis" univariable analysis multivariable analysis" 



YOE (1-year increment) 

High education b 

IQ (5-point increment) 



0.83 (0.71-0.97); 0.02 
0.19 (0.06-0.61); 0.005 
0.61 (0.47-0.79); 0.0002 



1.06 (0.85-1.31); 0.63 
0.46 (0.12-1.78); 0.26 
YOE model: 
0.60 (0.44-0.83); 0.002 
High-education model: 
0.67 (0.50-0.89); 0.006 



0.84 (0.71-0.99); 0.03 
0.15 (0.03-0.69); 0.01 
0.68 (0.52-0.88); 0.004 



0.94 (0.75-1.17); 0.57 
0.24 (0.04-1.30); 0.10 
YOE model: 
0.67 (0.47-0.94); 0.02 
High-education model: 
0.70 (0.51-0.96); 0.03 



a Variables in the model included education level (YOE or high education), IQ, age, gender, and total MDS-UPDRS score. b High education 
is defined as 1 year of post-secondary education or more. 



Table 3. Association between core neuropsychological measures and level of education 



Domain Test Low education High education Two- Correlation 

(n = 21) (n = 98) sided withYOE 2 

P 

value 



Attention 
Processing speed 

Learning and memory 
Language 

Visuospatial 

Executive (working memory) 
Executive (cognitive flexibility) 
Executive (inhibition) 



WMS-III Digit Span - 
longest span forward 
D-KEFS Color-Word Interference Test - 
time to complete Condition 1 (color 
naming) 

CVLT-II - long delay free recall 
D-KEFS verbal fluency test - 
category fluency 
Benton JLO 

WMS-III Letter-Number Sequencing 
VVT - total number of shifts 
D-KEFS Color-Word Interference Test - 
time to complete Condition 3 (inhibition) 



0.51 (-0.05 to 0.88) 
0.33 (-0.33 to 0.67) 



0.0 (-1.0 to 1.0) 
0.0 (-0.67 to 0.67) 

-0.70 (-1.97 to -0.07) 
0.33 (-0.67 to 0.99) 
-1.99 (-4.88 to -1.99) 
0.33 (-0.67 to 0.99) 



0.62 (-0.10 to 1.21) 
0.0 (-0.67 to 0.67) 



0.0 (-0.5 to 1.0) 
0.33 (-0.33 to 0.99) 

-0.27 (-1.12 to 1.00) 
0.33 (0.00 to 0.99) 

-1.03 (-1.99 to -0.07) 
0.33 (-0.67 to 0.99) 



0.32 



0.55 
0.14 

0.06 
0.45 
0.001 
0.59 



0.11 (p = 0.23) 
-0.13 (p = 0.17) 



0.14 (p = 0.14) 
0.033 (p = 0.72) 

0.10 (p = 0.27) 
0.060 (p = 0.52) 
0.30 (p = 0.001) 
-0.026 (p = 0.78) 



Values are median z-scores (IQR, 25th and 75th percentiles); median scores compared with Wilcoxon rank sum test. a Spearman's correlation 
coefficient (p value). 



IQ was the only variable that significantly modified the relationship between YOE and MCI. 
The interaction term of YOE and IQ was not significant and was not included in the final 
model. 

In the final multivariable model, IQ significantly decreased the odds of PD-MCI in both 
the YOE and high-education multivariable models (table 2). The association between higher 
education and decreased odds of PD-MCI was no longer significant. IQ and YOE were high- 
ly correlated (Spearman's correlation coefficient 0.64; p < 0.0001]). When IQ was removed 
from the final model to test if YOE was non-significant due to the inclusion of both YOE and 
IQ, the smaller (nested) model had a higher Akaike Information Criteria [20] value, suggest- 
ing that the full model including IQ and YOE had better relative goodness of fit than the 
model excluding IQ. Thus, the 5-variable model was maintained. 

When MCI was defined without requiring a cognitive complaint, IQ was again the only 
significant predictor in the 5-variable model. The ORs for PD-MCI without the requirement 
of a cognitive complaint are presented in table 2. A higher IQ again reduced the odds of PD- 
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MCI, while the benefit of higher education seen in univariate analysis was lost in the multi- 
variable models. 

Neuropsychological Measures and Education Level 

The relationship between the core neuropsychological variables and education, the pri- 
mary variable of interest, is shown in table 3. Patients in the low-education group scored sig- 
nificantly lower on the core test for executive cognitive flexibility, which was also the only 
test that correlated significantly with YOE. There was a trend for lower visuospatial scores 
in the low-education group (table 3). 



A higher level of education was associated with decreased odds of PD-MCI in univariate 
analyses, but not in multivariable logistic regression models controlling for IQ, age, gender, 
and total MDS-UPDRS score. In these models, the point ORs suggested that higher educa- 
tion may decrease the odds of PD-MCI, but the results were not statistically significant. Es- 
timated premorbid IQ, however, was a strong predictor of PD-MCI in all models, a relation- 
ship reported only once previously [5]. This is consistent with recent theories of cognitive 
reserve, where some AD studies have shown that IQ is a more powerful predictor of cogni- 
tive reserve than YOE [21], but education and other experiences impart additional benefit on 
top of IQ alone [1]. 

Prior studies with education levels similar to those in our study are mixed regarding 
whether education is associated with the development of PD-MCI. The lack of consensus re- 
garding PD-MCI criteria, methods to operationalize the commonly used Petersen criteria, 
and selection of neuropsychological domains, tests, and cutoffs for diagnosing PD-MCI cur- 
rently limits the comparability of studies. Keeping these limitations in mind, some studies 
found no association between YOE and PD-MCI [2-4], while another found that PD-MCI 
patients had significantly lower YOE [5]. Importantly, the latter was the only study that also 
estimated premorbid IQ. While ORs were not reported, IQ and YOE were both significantly 
associated with PD-MCI in univariate analysis [5]. Multivariable analysis with these vari- 
ables was not performed. Thus, our study is the first, to our knowledge, to investigate the 
association between education and PD-MCI taking premorbid IQ into account. 

Our results and those of studies enrolling similar patients are applicable only to well- 
educated populations. However, they should be generalizable within the United States and 
Canada, where 88-89% of adults have completed at least an upper secondary (high school) 
education and 41-50% have completed a post-secondary degree [22]. The literature in popu- 
lations with less education is also mixed but generally suggestive of an association between 
education level and cognitive performance in at least some domains [23-26]. Most standard- 
ized cognitive tests require some degree of literacy, limiting the ability to apply the measures 
to the lowest end of the educational spectrum. Additionally, most standardized cognitive 
tests, including the ones used in this study, do not have education-stratified norms for total 
and/or subdomain scores [7]. Available norms are likely relevant for our population as norms 
for most of the large cognitive batteries (e.g. WMS-III) were developed using stratified sam- 
ples based on the US census [7] and education levels in the United States are generally simi- 
lar to those in our study [22]. 

One challenge in studies attempting to evaluate a potential link between education and 
PD-MCI is discerning whether observed differences between education groups reflect dif- 
ferent odds of cognitive decline or simply baseline differences in neuropsychological test 
performance. Longitudinal studies show that PD subjects with fewer YOE have greater cog- 
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nitive decline over time [24], suggesting that differences in cognitive outcomes according to 
education level are not due to baseline testing differences alone. However, diagnosing PD- 
MCI currently requires test scores to fall a certain standard deviation (usually >1.5 SD) be- 
low the adjusted mean, regardless of the baseline education level. This requires patients with 
higher baseline test scores to fall farther before reaching the impaired range. How this affects 
the diagnosis or interpretation of PD-MCI is unknown and cannot be determined from the 
current data. 

Of our core neuropsychological measures, only the VVT z-scores, representing the ex- 
ecutive function/cognitive flexibility domain, were significantly different between education 
levels. Although significant, the correlation between VVT scores and YOE was low (0.30). 
There was also a trend for higher JLO z-scores in the high-education group. In other studies 
investigating the effect of education on neuropsychological test scores in non-demented PD 
patients, subjects with higher education levels tended to perform better particularly in fron- 
tal/executive and visuospatial domains [27, 28], consistent with our findings. The implica- 
tions of this for diagnosing MCI deserve further study. It remains unclear whether education 
protects against decline in executive function or whether baseline and non-progressive dif- 
ficulties with executive tasks in low-education groups result in a higher proportion being 
labeled as MCI based on these tests. Longitudinal studies would be needed to answer this 
question. 

In addition to broad challenges in diagnosing PD-MCI and interpreting neuropsycho- 
logical results as discussed above, specific limitations to our study include the use of an avail- 
able cohort for analysis rather than recruiting a representative cross-sectional population. 
While the study design cannot prove a protective effect of IQ, this is supported by the fact 
that premorbid IQ necessarily precedes the development of PD and PD-MCI. The WTAR is 
an estimate of premorbid IQ but is validated for this use [7]. The sample size may have lim- 
ited the ability to detect significant interactions between variables. As discussed above, our 
results may only be generalized to similarly educated populations. No subject was excluded 
based on WTAR standard scores, though 1 subject refused to take the WTAR and withdrew 
consent. The range of WTAR standard scores of our subjects (80-126) is consistent with pre- 
dicted WTAR scores for US adults with <8 to >17 YOE [29]. Thus, the WTAR inclusion 
criterion does not substantially limit the North American generalizability of the findings. 

Given the broad CIs for ORs in the multivariable model, our study lacked the statistical 
precision to confirm or refute the protective effect of higher education suggested by univar- 
iate analysis and by the OR point estimates of education when considered as a dichotomous 
variable. In contrast, the beneficial association seen for IQ was robust. Education and esti- 
mated premorbid IQ were the only measured contributors to cognitive reserve. Data regard- 
ing type of employment and hobbies, other theorized contributors to cognitive reserve, were 
not collected and may have contributed further to our understanding of cognitive reserve 
and PD-MCI. 

Our study found that higher education was associated with decreased odds of PD-MCI 
in univariate analysis, but not multivariable analysis. Estimated premorbid IQ was associ- 
ated with substantially decreased odds of PD-MCI across all models. This finding is consis- 
tent with the cognitive reserve theory in the context of PD-MCI but suggests that IQ may 
have more influence than education level. Future studies should report estimated premorbid 
IQ in addition to education level and should also investigate whether other factors hypoth- 
esized to influence cognitive reserve, such as employment and/or hobbies, may also have 
protective roles, likely requiring a large sample size. Whether there is any protective benefit 
of IQ and other factors associated with cognitive reserve in delaying the progression from 
PD-MCI to PD dementia remains to be established. 
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